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(54) Dual-chamber implantable cardiac stimulation system and device with selectable arrhythmia 
termination electrode configurations and method 



(57) An implantable cardiac stimulation system 
(200) delivers arrhythmia termination pulses to the ven- 
tricles and the atria of a heart (12). The system (200) 
includes an implantable cardiac stimulation device (1 0), 
including a conductive enclosure (40), ventricular ar- 
rhythmia termination pulse generator (72), and an atrial 
arrhythmia termination pulse generator (70). A first elec- 



trode configuration, including the conductive enclosure 
(40), is arranged to be coupled to the ventricular pulse 
generator (72) to terminate ventricular arrhythmias and 
a second electrode configuration, electrically independ- 
ent from the conductive enclosure (40) and confined 
within the heart (12), is arranged to be coupled to the 
atrial pulse generator (70) to terminate atrial arrhythmi- 
as. 
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Description 

[0001] The present invention is generally directed to 
a dual-chamber implantable cardiac defibrillator (ICD), 
system and method. The present invention is more par- 
ticularly directed to a dual-chamber ICD, system and 
method wherein electrode configurations for ventricular 
arrhythmia termination and atrial arrhythmia termination 
are selectable from among a plurality of electrode con- 
figurations. 

[0002] Implantable cardiac defibrillators (ICDs) are 
well known in the art. These devices, encapsulated in a 
conductive housing or enclosure, are generally implant- 
ed in the left pectoral region of a patient and electrically 
connected to the heart with one or more electrode-car- 
rying leads. One lead includes at least one defibrillation 
electrode arranged to be positioned in the right ventricle. 
An arrhythmia detector detects ventricular arrhythmias, 
such as ventricularfibrillation. When such an arrhythmia 
is detected, a pulse generator delivers a defibri Hating 
shock from the defibrillation electrode in the right ven- 
tricle to the conductive housing to terminate the arrhyth- 
mia. Alternatively, such arrhythmia terminating systems 
may further include another defibrillation electrode po- 
sitioned in the right atrium and electrically connected to 
the conductive housing. In this arrangement, the defi- 
brillating shock is delivered from the parallel connected 
right atrial electrode and the conductive housing to the 
right ventricular electrode. 

[0003] Implantable atrial defibrillators are also known. 
These devices are also encapsulated in a conductive 
housing or enclosure and are electrically coupled to the 
heart by one or more electrode-carrying leads. The 
leads are known to include a defibrillation electrode po- 
sitioned in the right atrium of the heart. When an arrhyth- 
mia detector detects an atrial arrhythmia, such as atrial 
fibrillation, an atrial defibrillating shock is then applied 
from the right atrial defibrillation electrode to the con- 
ductive housing. 

[0004] Although not presently commercially available, 
combined implantable dual-chamber (atrial and ven- 
tricular) defibrillators continue to be investigated and un- 
der development. Because of the vast differences be- 
tween ventricular and atrial arrhythmias, dual-chamber 
devices remain a challenge. For example, ventricularfi- 
brillation is an immediately life threatening condition 
while atrial fibrillation, although uncomfortable and de- 
bilitating, is not a life threatening condition. Hence, there 
must be a preference for effective ventricularfibrillation 
treatment over atrial fibrillation treatment. Further, un- 
less safety measures are taken in delivering atrial fibril- 
lation terminating shocks, there is a potential for atrial 
fibrillation terminating shocks inducing ventricularfibril- 
lation. Still further, by the time a ventricular fibrillation 
terminating shock is delivered, the patients are, in most 
occurrences, unconscious while, when atrial fibrillation 
terminating shocks are delivered, the patients are con- 
scious and able to perceive discomfort from the atrial 
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fibrillation termination shocks. Lastly, because of the rel- 
ative locations of the atria and ventricles, the most ef- 
fective ventricularfibrillation termination electrode con- 
figurations are different from the most effective atrial fi- 

5 brillation termination electrode configurations. 

[0005] Hence, in terms of arrhythmia termination, 
ventricular fibrillation termination electrode configura- 
tions must be those which provide the greatest assur- 
ance of successful arrhythmia termination. These con- 

10 figurations are those wh ich exhibit the lowest ventricular 
defibrillation thresholds. In contrast, in arriving at an atri- 
al fibrillation termination electrode configuration, consid- 
eration must be given to both atrial termination effective- 
ness and the degree of perceived discomfort by the pa- 

15 tient to the delivered atrial arrhythmia termination 
shocks. The present invention addresses these issues. 
[0006] The present invention provides an implantable 
cardiac stimulation system, device and method wherein 
atrial arrhythmia terminating pulses are confined to with- 

20 in the heart while ventricular arrhythmia terminating 
pulses may be delivered between a defibrillation elec- 
trode within the heart and another defibrillation elec- 
trode outside of the heart. With this arrangement, effec- 
tiveness of ventricular arrhythmia termination may be 

25 preserved while atrial arrhythmia termination may be 
achieved with minimized patient discomfort because the 
atrial termination pulse currents are confined within the 
heart and are precluded from recruiting the many pain 
neurons and skeletal muscle cells of the pectoral region. 

30 [0007] In accordance with one embodiment of the 
present invention, the device and system delivers ven- 
tricular arrhythmia terminating pulses with an electrode 
configuration which includes the conductive housing en- 
capsulating the device and delivers atrial arrhythmia ter- 

35 mination pulses with an electrode configuration electri- 
cally independent of the conductive housing and thus 
confined to within the heart. 

[0008] In accordance with another embodiment, a 
plurality of atrial arrhythmia terminating electrode con- 

40 figurations are available to the device, wherein each 
available atrial arrhythmia termination electrode config- 
uration is electrically isolated from the conductive hous- 
ing and th us co nf ined to with in the heart. One of the elec- 
trode configurations for atrial arrhythmia termination 

45 may be selected for use based upon a common arrhyth- 
mia termination characteristic, such as defibrillation en- 
ergy threshold or perceived discomfort by the patient. 
The ventricular arrhythmia termination electrode config- 
uration includes an electrode outside of the heart, such 

so as the conductive device housing, to maintain ventricu- 
lar arrhythmia termination effectiveness, 
[0009] In accordance with a further aspect of the 
present invention, a preferred embodiment delivers a 
rounded, reduced-pain waveform for the atrial therapy 

55 as described in U.S. Patent Nos. 5,906,633 and 
5,830,236 which are incorporated herein by reference. 
[0010] In accordance with a still further aspect of the 
present invention, a first plurality of electrode configu- 
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rations are provided for ventricular arrhythmia termina- 
tion, wherein at least one of the first plurality of electrode 
configurations includes the conductive device housing, 
and a second plurality of electrode configurations are 
provided for atrial arrhythmia termination, wherein each 5 
of the second plurality of electrode configurations is 
electrically isolated from the conductive device housing. 
A first electrode configuration from among the first plu- 
rality of electrode configurations may be selected for use 
based upon a common arrhythmia terminating charac- 
teristic, such as arrhythmia termination energy thresh- 
old. A second electrode configuration from among the 
second plurality of electrode configurations may be se- 
lected for use based upon a common arrhythmia termi- 
nation characteristic such as arrhythmia termination en- 
ergy threshold or perceived discomfort by the patient to 
the atrial arrhythmia termination pulses. 
[0011] The cardiac stimulation device includes an 
electrode configuration selector, such as a switch, which 
selectively couples an atrial arrhythmia pulse generator 
to a pair of terminals which are coupled to the selected 
atrial arrhythmia termination electrode configuration 
and which selectively couples a ventricular arrhythmia 
termination pulse generator to a pair of terminals cou- 
pled to the selected ventricular arrhythmia termination 
electrode configuration. 

[0012] As a result, by virtue of the present invention, 
ventricular arrhythmia termination effectiveness may be 
maintained while permitting flexibility in the selection of 
an atrial arrhythmia termination electrode configuration 
to achieve effective atrial arrhythmia termination with a 
minimum of perceived discomfort by the patient. 
[0013] In accordance with another aspect of the in- 
vention there is provided in an implantable cardiac stim- 
ulation device having a conductive housing and an ar- 
rhythmia terminating pulse generator, a method of se- 
lectively terminating an arrhythmia of the ventricles and 
atria of a patient's heart, the method including the steps 
of: 

detecting a ventricular arrhythmia of the heart; 
coupling a first electrode configuration to the pulse 
generator when a ventricular arrhythmia is detect- 
ed, the first electrode configuration including the 
conductive housing; 

triggering the pulse generator to provide a ventricu- 
lar arrhythmia terminating pulse to the first elec- 
trode configuration; 

detecting an atrial arrhythmia of the heart; 
triggering the pulse generatorto a second electrode 
configuration when an atrial arrhythmia is detected, 
the second electrode configuration being electrical- 
ly independent from the conductive housing; and 
causing the pulse generator to provide an atrial ar- 
rhythmia terminating pulse to the second electrode 
configuration. 

[0014] Preferably the second electrode configuration 
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is one of a plurality of electrode configurations for termi- 
nating an arrhythmia of the atria, wherein each electrode 
configuration of the plurality of electrode configurations 
has a common arrhythmia termination characteristic; 
and wherein 

the method further includes the step of selecting 
the second electrode configuration from among the plu- 
rality of electrode configurations based upon the com- 
mon characteristic and preferably the common arrhyth- 
mia termination characteristic is a defibrillation thresh- 
old, or a perceived arrhythmia termination discomfort of 
the patient. 

[0015] Preferably the atrial arrhythmia termination 
pulses are rounded to minimize pain to the patient. 
[0016] According to another aspect of the invention 
there is provided in an implantable cardiac stimulation 
device having a conductive enclosure and an arrhyth- 
mia terminating pulse generator, a method of terminat- 
ing an arrhythmia of the ventricles and atria of a patient's 
heart, the method including the steps of: 

detecting a ventricular arrhythmia of the heart; 
coupling a first electrode configuration of a first plu- 
rality of electrode configurations to the pulse gen- 
erator when a ventricular arrhythmia is detected, 
the first plurality of electrode configurations having 
at least one electrode configuration including the 
conductive enclosure; 

triggering the pulse generator to provide a ventricu- 
lar arrhythmia terminating pulse to the first elec- 
trode configuration; 

detecting an atrial arrhythmia of the heart; 
coupling a second electrode configuration of a sec- 
ond plurality of electrode configurations to the pulse 
generator when an atrial arrhythmia is detected, 
each electrode configuration of the second plurality 
of electrode configurations being electrically inde- 
pendent from the conductive enclosure; and 
triggering the pulse generator to provide an atrial 
arrhythmia terminating pulse to the second elec- 
trode configuration. 

[0017] Preferably each electrode configuration of the 
first plurality of electrode configurations has a common 
arrhythmia termination characteristic; and 

the method further includes the step of selecting 
the first electrode configuration from among first plurality 
of electrode configurations based upon the common 
characteristic and preferably the common arrhythmia 
termination characteristic is an arrhythmia termination 
threshold. 

[0018] Preferably each electrode configuration of the 
second plurality of electrode configurations has a com- 
mon arrhythmia termination characteristic; and 

the method further includes the further step of se- 
lecting the second electrode configuration from among 
the second plurality of electrode configurations based 
upon the common characteristic, and preferably the 
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common arrhythmia termination characteristic is an ar- 
rhythmia termination threshold, or a perceived arrhyth- 
mia termination discomfort of the patient. 
[001 9] According to yet a further aspect of the inven- 
tion thee is provided an implantable cardiac stimulation 
system for selectively applying arrhythmia termination 
pulses to the ventricles and the atria of a patient's heart, 
the system comprising: 

implantable cardiac pulse generator means for pro- 
viding ventricular arrhythmia termination pulses 
and atrial arrhythmia termination pulses, the pulse 
generator means being enclosed within a conduc- 
tive housing; 

first electrode means including the conductive 
housing, for applying the ventricular arrhythmia ter- 
mination pulses to the heart; and 
second electrode means, electrically independent 
from the conductive housing, for applying the atrial 
arrhythmia termination pulses to the heart. 

[0020] Preferably the second electrode means is one 
of a plurality of electrode means, and wherein the gen- 
erator means further includes selector means for select- 
ing the second electrode means from among the plural- 
ity of electrode means, and preferably the selector 
means includes means for selecting the second elec- 
trode means from among the plurality of electrode 
means responsive to an arrhythmia termination charac- 
teristic, and preferably the arrhythmia termination char- 
acteristic is an arrhythmia termination threshold. 
[0021] According to the invention there is further pro- 
vided an implantable cardiac stimulation system for se- 
lectively delivering arrhythmia terminating pulses to the 
ventricles and atria of a patient's heart, the system com- 
prising: 

implantable device means for providing ventricular 
arrhythmia terminating pulses and atrial arrhythmia 
terminating pulses, the device means being housed 
within a conductive enclosure; 
lead means for delivering the ventricular and atrial 
arrhythmia terminating pulses to the ventricles and 
atria, respectively, the lead means including a first 
plurality of electrode configurations and a second 
plurality of electrode configurations, at least one of 
the first plurality of electrode configurations includ- 
ing the conductive enclosure, and each one of the 
second plurality of electrode configurations being 
electrically isolated from the conductive enclosure; 
and 

the implantable device means further including 
switch means for coupling a selected one of the first 
plurality of electrode configurations to the device 
means for delivering the ventricular arrhythmia ter- 
minating pulses and a selected one of the second 
plurality of electrode configurations to the device 
means for delivering the atrial arrhythmia terminat- 



ing pulses. 

[0022] Preferably each one of the first plurality of elec- 
trode configurations has a common arrhythmia termi- 

5 nating characteristic; and wherein the switch means 
couples the selected one of the first plurality of electrode 
configurations the device means based upon the com- 
mon arrhythmia terminating characteristic and prefera- 
bly the common arrhythmia terminating characteristic is 

10 an arrhythmia termination threshold. 

[0023] Preferably each one of the second plurality of 
electrode configurations has a common arrhythmia ter- 
minating characteristic; and the switch means couples 
the selected one of the second plurality of electrode con- 

15 figurations to the device means based upon the com- 
mon arrhythmia terminating characteristic, and prefera- 
bly the common arrhythmia terminating characteristic is 
an arrhythmia termination threshold. 
[0024] An embodiment of the invention will now be de- 

20 scribed, by way of example, with reference to the draw- 
ings of which: 

FIG. 1 is a functional block diagram of a dual-cham- 
ber implantable stimulation device illustrating the 
25 basic elements of a stimulation device which can 
provide cardioversion, defibrillation and pacing 
stimulation; and 

FIG. 2 is a flow chart describing a method of using 
the present invention to advantage. 

30 

[0025] In the description of the invention that follows, 
like numerals or reference designators will be used to 
refer to like parts or elements throughout. 
[0026] In FIG. 1 , a simplified block diagram is shown 

35 of an implantable cardiac stimulation system 200 includ- 
ing a dual-chamber implantable stimulation device 10 
and a lead system 11 . The system 200, as will be seen 
hereinafter, is capable of treating both fast and slow ar- 
rhythmias with stimulation therapy, including atrial and 

^0 ventricular cardioversion, defibrillation, and pacing stim- 
ulation. While a combined pacer and defibrillator device 
is shown, this is for illustration purposes only, and one 
of skill in the art could readily eliminate or disable the 
pacing circuitry to provide a single or dual-chamber de- 

45 fibrillation device or add circuitry to provide a device ca- 
pable of providing stimulation or defibrillation to three or 
four cardiac chambers without departing from the 
present invention. 

[0027] To provide atrial chamber pacing stimulation 
so and sensing, the implantable stimulation device 10 is 
shown in electrical communication with a patient's heart 
1 2 by way of an implantable atrial lead 20 of lead system 
11 having an atrial tip electrode 22 and an atrial ring 
electrode 24 which typically is implanted in the patient's 
55 atrial appendage. 

[0028] The implantable stimulation device 10 is also 
shown in electrical communication with the patient's 
heart 12 by way of an implantable ventricular lead 30 of 
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lead system 11 having, in this embodiment, a ventricular 
tip electrode 32, a ventricular ring electrode 34, a right 
ventricular (RV) coil defibrillation electrode 36, and a coil 
defibrillation electrode 38. Typically, the ventricular lead 
30 is transvenously inserted into the heart 12 so as to 5 
place the RV coil electrode 36 in the right ventricular 
apex, and the coil electrode 38 in the superior vena cava 
or the right atrium. Accordingly, the ventricular lead 30 
is capable of receiving cardiac signals and delivering 
stimulation in the form of pacing and shock therapy to 
the right ventricle and right atrium. 
[0029] Further, in accordance with this preferred em- 
bodiment, the lead system preferably includes a coro- 
nary sinus (CS) lead 46 having a coil defibrillation elec- 
trode 48. The CS lead 46 may be advanced through the 
SVC, into the right atrium, through the os or ostium of 
the coronary sinus, and into the coronary sinus for plac- 
ing the electrode 48 adjacent the left atrium and the left 
ventricle. Alternatively, the lead 46 may be advanced in- 
to any of the left ventricular veins, such as the left car- 
diac vein. Although not illustrated in FIG. 1, the lead 46 
may further include a distal pacing electrode to provide 
pacing stimulation to the left side of the heart along with 
atrial and ventricular cardioversion and/or defibrillation 
by electrode 48. For example, a lead designed for place- 
ment in the coronary sinus region could be implanted to 
deliver left atrial pacing, atrial shocking therapy, left ven- 
tricular pacing and left ventricular shocking stimulation. 
[0030] The housing 40 (shown schematically) for the 
implantable stimulation device 10 includes a connector 
(not shown) having an atrial tip terminal 42 and an atrial 
ring terminal 44, which are adapted for connection to the 
atrial tip electrode 22 and the atrial ring electrode 24, 
respectively. The housing 40 further includes a ventricu- 
lar tip terminal 52, a ventricular ring terminal 54, a ven- 
tricular shocking terminal 56, and an SVC shocking ter- 
minal 58, which are adapted for connection to the ven- 
tricular tip electrode 32, the ventricular ring electrode 34, 
the RV coil electrode 36, and the SVC coil electrode 38, 
respectively. The housing 40 still further includes a CS 
pin terminal 50 adapted for connection to the CS coil 
electrode 48. The housing 40 (often referred to as the 
"enclosure", "can", "case" or "case electrode") encap- 
sulates the circuitry of the implantable stimulation de- 
vice 1 0 and is formed of electrically conductive material. 
It may be programmably selected to serve as a return 
defibrillation electrode, alone or in combination with one 
of the coil electrodes. 

[0031] In accordance with the present invention, the 
case 40 and coil defibrillation electrodes 36, 38, and 48 
provide a plurality of selectable ventricular arrhythmia 
termination electrode configurations and a plurality of 
atrial arrhythmia termination electrode configurations. 
Further, in accordance with the present invention, at 
least one ventricular arrhythmia termination electrode 
configuration employs the case 40, which has proven to 
provide effective ventricular arrhythmia termination, and 
each one of the atrial arrhythmia termination electrode 
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configurations is electrically isolated or independent of 
the case 40 to confine the atrial arrhythmia termination 
shock currents to within the heart to minimize the per- 
ception of discomfort by the patient to the atrial arrhyth- 
mia terminating shocks. 

[0032] For example, in accordance with this embodi- 
ment, the ventricular arrhythmia termination electrode 
configurations may include the case 40 as a cathode 
and the RV coil electrode 36 as an anode. Another elec- 
trode configuration may include the CS coil electrode 48 
as a cathode and the RV coil electrode 36 as an anode. 
Lastly, another configuration may include the RA coil 
electrode 38 and the CS coil electrode 48 coupled to- 
gether as a cathode and the RV coil electrode 36 as an 
anode. 

[0033] With respect to atrial arrhythmia termination, 
the electrode configurations may include the CS coil 
electrode 48 as an anode and the RA coil electrode 38 
as a cathode. Another configuration may include the RV 
coil electrode 36 as an anode and the RA coil electrode 
38 as a cathode. Lastly, the CS coil electrode 48 and 
RV coil electrode 36 may be connected together as an 
anode and the RA coil electrode 48 employed as a cath- 
ode. Each one of the above atrial arrhythmia termination 
electrode configurations is electrically independent or 
isolated from the case 40 and confined within the heart 
12. 

[0034] At the core of the implantable stimulation de- 
vice 1 0 is a programmable microcontroller 60 which con- 
trols the various modes of stimulation therapy. As is well 
known in the art, the microcontroller 60 includes a mi- 
croprocessor, or equivalent control circuitry, designed 
specifically for controlling the delivery of stimulation 
therapy and may further include RAM or ROM memory, 
logic and timing circuitry, state machine circuitry, and I/ 
O circuitry. Typically, the microcontroller 60 includes the 
ability to process or monitor input signals (data) as con- 
trolled by program code stored in a designated block of 
memory. The details of the design and operation of the 
microcontroller 60 are not critical to the present inven- 
tion. Rather, any suitable microcontroller 60 may be 
used that carries out the f u notions described herein . The 
use of microprocessor-based control circuits for per- 
forming timing and data analysis functions is well known 
in the art. Representative types of control circuitry that 
may be used with the invention include the microproc- 
essor-based control system of U.S. Patent No. 
4,940,052 (Mann et al.) and the state-machines of U.S. 
Patent Nos. 4,712,555 (Thornander et al.) and 
4,944,298 (Sholder). For a more detailed description of 
the various timing intervals used within the stimulation 
device and their interrelationship, see U.S. Patent No. 
4,788,980 (Mann et al.). The '052, '555, '298 and '980 
patents are incorporated herein by reference. 
[0035] As shown in FIG. 1, an atrial pulse generator 
70 and a ventricular pulse generator 72 generate pacing 
stimulation pulses for delivery by the atrial lead 20 and 
the ventricular lead 30, respectively, via a switch bank 
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74. The pulse generators, 70 and 72, are controlled by 
the microcontroller 60 via appropriate control signals, 76 
and 78, respectively, to trigger or inhibit the stimulation 
pulses. The microcontroller 60 further includes timing 
circuitry that controls the timing of such stimulation puls- 
es (e.g., pacing rate and atrio-ventricular (AV) delay), as 
well as keeping track of the timing of any refractory pe- 
riods, PVARP intervals, noise detection windows, 
evoked response windows, alert intervals, marker chan- 
nel timing, etc., that are well known in the art. 
[0036] The switch bank 74 includes a plurality of 
switches for switchably connecting the desired elec- 
trodes to the appropriate I/O circuits, thereby providing 
complete electrode programmability. Accordingly, the 
switch bank 74, in response to a control signal 80 from 
the microcontroller 60, determines the polarity of the 
stimulation pulses (e.g., unipolar or bipolar) by selec- 
tively closing the appropriate combination of switches 
as is known in the art. 

[0037] An atrial sense amplifier 82 and a ventricular 
sense amplifier 84 are also coupled to the atrial and ven- 
tricular leads 20 and 30, respectively, through the switch 
bank 74 for detecting the presence of cardiac activity. 
The switch bank 74 determines the "sensing polarity" of 
the cardiac signal by selectively closing the appropriate 
switches, as is also known in the art. In this way, the 
clinician may program the sensing polarity independent 
of the stimulation polarity. 

[0038] Each sense amplifier, 82 and 84, preferably 
employs a low power, precision amplifier with program- 
mable gain and/or automatic gain control, bandpass fil- 
tering, and a threshold detection circuit, known in the 
art, to selectively sense the cardiac signal of interest. 
The automatic gain control enables the implantable 
stimulation device 10 to deal effectively with sensing the 
low frequency, low amplitude signal characteristics of 
atrial and ventricular fibrillation. 
[0039] The outputs of the atrial and ventricular sense 
amplifiers, 82 and 84, are connected to the microcon- 
troller 60 which, in turn, inhibits the atrial and ventricular 
pulse generators, 70 and 72, respectively, in a demand 
fashion whenever cardiac activity is sensed in the re- 
spective chambers. The sense amplifiers, 82 and 84, in 
turn, receive control signals over signal lines, 86 and 88, 
from the microcontroller 60 for purposes of controlling 
the gain, threshold, polarization charge removal circuitry 
(not shown), and the timing of any blocking circuitry (not 
shown) coupled to the inputs of the sense amplifiers, 82 
and 84, as is known in the art. 

[0040] For arrhythmia detection, the device includes 
an arrhythmia detector 62 which utilizes the atrial and 
ventricular sense amplifiers, 82 and 84, to sense cardiac 
signals to determine whether a rhythm is physiologic or 
pathologic. As used herein, "sensing" is reserved for the 
noting of an electrical depolarization, and "detection" is 
the processing of these sensed depolarization signals 
and noting the presence of an arrhythmia. The timing 
intervals between sensed events (e.g., the P-P and R- 



R intervals) are then classified by the microcontroller 60 
by comparing them to a predefined rate zone limit (i.e., 
bradycardia, normal, low rate VT, high rate VT, and atrial 
and ventricular fibrillation rate zones) and various other 

5 characteristics (e.g., sudden onset, stability, physiologic 
sensors, and morphology, etc.) in orderto determinethe 
type of arrhythmia detected (e.g., bradycardia, tachy- 
cardia, and atrial or ventricular fibrillation), to employ a 
corresponding arrhythmia terminating therapy, also 

10 known as "tiered therapy"). 

[0041] Cardiac signals are also applied to the inputs 
of an analog to digital (A/D) data acquisition system 90. 
The data acquisition system 90 is configured to acquire 
intracardiac electrogram signals, convert the raw analog 

15 data into a digital signal, and store the digital signals for 
later processing and/or telemetric transmission to an ex- 
ternal device 102. The data acquisition system 90 is 
coupled to the atrial and ventricular leads, 20 and 30, 
through the switch bank 74 to sample cardiac signals 

20 across any pair of desired electrodes. 

[0042] The microcontroller 60 is further coupled to a 
memory 94 by a suitable data/address bus 96, wherein 
the programmable operating parameters used by the 
microcontroller 60 are stored and modified, as required, 

25 in order to customize the operation of the implantable 
stimulation device 10 to suit the needs of a particular 
patient. Such operating parameters define, for example, 
pacing pulse amplitude, pulse duration, electrode polar- 
ity, rate, sensitivity, automatic features, arrhythmia de- 

30 tection criteria, and the amplitude, waveshape and vec- 
tor of each shocking pulse to be delivered to the patient's 
heart 1 2 within each respective tier of therapy. 
[0043] Advantageously, the operating parameters of 
the implantable stimulation device 10 may be non-inva- 

35 sively programmed into the memory 94 through a telem- 
etry circuit 1 00 in telemetric communication with an ex- 
ternal device 102, such as a programmer, transtele- 
phonic transceiver, or a diagnostic system analyzer. The 
telemetry circuit 1 00 is activated by the microcontroller 

40 by a control signal 1 06. The telemetry circuit 1 00 advan- 
tageously allows intracardiac electrograms and status 
information relating to the operation of the implantable 
stimulation device 1 0 (as contained in the microcontrol- 
ler 60 or memory 94) to be sent to the external device 

45 102 through an established communication link 104. 
[0044] In the preferred embodiment, the implantable 
stimulation device 1 0 further includes a physiologic sen- 
sor 110. Such sensors are commonly called "rate-re- 
sponsive" sensors. The physiological sensor 110 is 

so used to detect the exercise state of the patient, to which 
the microcontroller 60 responds by adjusting the rate 
and AV Delay at which the atrial and ventricular pulse 
generators, 70 and 72, generate stimulation pulses. The 
type of sensor used is not critical to the present invention 

55 and is shown only for completeness. 

[0045] The stimulation device additionally includes a 
battery 114 which provides operating power to all of the 
circuits shown in FIG. 1. For the implantable stimulation 
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device 1 0, which employs shocking therapy, the battery 
114 must be capable of operating at low current drains 
for long periods of time (preferably less than 1 0 uA), and 
then be capable of providing high-current pulses (for ca- 
pacitor charging) when the patient requires a shock s 
pulse (preferably, in excess of 2 A, at voltages above 2 
V, for periods of 10 seconds or more). The battery 114 
preferably has a predictable discharge characteristic so 
that elective replacement time can be detected. Accord- 
ingly, the implantable stimulation device 10 preferably 
employs lithium/silver vanadium oxide batteries, as is 
true for most (if not all) current devices. 
[0046] The implantable stimulation device 10 further 
includes a magnet detection circuitry (not shown), cou- 
pled to the microcontroller 60. It is the purpose of the 
magnet detection circuitry to detect when a magnet is 
placed over the implantable stimulation device 10, 
which magnet may be used by a clinician to perform var- 
ious test functions of the implantable stimulation device 
1 0, such as defibrillation threshold tests, and/or to signal 
the microcontroller 60 that an external programmer 1 02 
is in place to receive or transmit data to the microcon- 
troller 60 through the telemetry circuits 1 00. 
[0047] It is the primary function of the implantable 
stimulation device 1 0 to function as an implantable dual- 
chamber cardioverter/defibrillator (ICD) device. That is, 
it must detect the occurrence of an atrial or ventricular 
arrhythmia, such as atrial fibrillation or ventricular fibril- 
lation, and automatically apply an appropriate electrical 
shock therapy to the heart 12 with an appropriate elec- 
trode configuration for terminating the detected arrhyth- 
mia. To this end, the microcontroller 60 further controls 
a shocking circuit 130. The shocking circuit 130 has a 
first pair of outputs 131 for delivering ventricular arrhyth- 
mia (such as ventricular fibrillation) terminating pulses 
and a second pair of outputs 1 33 for delivering atrial ar- 
rhythmia (such as atrial fibrillation) terminating pulses. 
The magnitude of the pulse energies and the outputs to 
be used (atrial or ventricular) are controlled by a control 
signal 132. 

[0048] To that end, the shocking circuit 130 is capable 
of generating shocking pulses of low (up to 0.5 joules), 
moderate (0.5-10 joules), or high energy (11 -40 joules), 
as controlled by the microcontroller 60. Such shocking 
pulses are applied to the patients heart through an elec- 
trode configuration from among the plurality of electrode 
configurations previously described and selected by the 
microcontroller 60. For example, the microcontroller 
may select the RV and case (electrodes, 36 and 40) for 
ventricular defibrillation and the RA and CS (electrodes, 
38 and 48) for atrial defibrillation. The selection by the 
microcontroller 60 is implemented by the switch bank 
74 for connecting the appropriate output pair, 131 or 
1 33, to the appropriate device terminals (50, 40, 56, 58). 
[0049] Ventricular cardioversion and atrial defibrilla- 
tion shocks are generally considered to be of low to 
moderate energy level (so as to minimize pain felt by 
the patient), and/or synchronized with an R-wave and/ 



or pertaining to the treatment of atrial fibrillation or ven- 
tricular tachycardia. Ventricular defibrillation shocks are 
generally of moderate to high energy level (i.e., corre- 
sponding to thresholds in the range of 5-40 joules), de- 
livered asynchronously (since R-waves may be too dis- 
organized), and pertaining exclusively to the treatment 
of ventricular fibrillation. Accordingly, the microcontroller 
60 is capable of controlling the energy magnitude of and 
the electrode configuration used to apply the shocking 
pulses. Preferably, the device has the option of deliver- 
ing a rounded, reduced-pain waveform for the atrial ther- 
apy as described in U.S. Patent Nos. 5,906,633 and 
5,830,236 which are incorporated herein by reference. 
[0050] The electrode configurations from among the 
plurality of electrode configurations for atrial and ven- 
tricular defibrillation may be preprogrammed by the phy- 
sician. The selection of the particular electrode config- 
uration to be used may be based upon a common ar- 
rhythmia terminating characteristic. The evaluation may 
be performed by the physician, using the magnet and 
external device as previously described, or it may be 
performed by the device itself. For example, for ventricu- 
lar defibrillation, the electrode configuration selection 
may be based upon a ventricular defibrillation threshold. 
In this case, the minimum energy required to defibrillate 
the ventricles is determined for each available ventricu- 
lar defibrillation electrode configuration and the one ex- 
hibiting the lowest energy threshold is selected. Similar- 
ly, for atrial defibrillation, the common arrhythmia termi- 
nating characteristic may be based upon an atrial defi- 
brillation threshold and/or the degree of perceived pain 
by the patient. Each available atrial defibrillation elec- 
trode configuration is evaluated with respect to these 
characteristics. The electrode configuration yielding the 
lowest values for these characteristics may then be se- 
lected. It is possible, however, that the electrode config- 
uration yielding the lowest perceived pain is not the one 
which yields the lowest defibrillation threshold. In this 
case, the physician must make a choice having in mind 
the pain tolerance of the patient. 
[0051] Once the evaluations are made, the selected 
electrode configurations are stored in memory 94. 
Thereafter, a first electrode configuration, from among 
the plurality of ventricular defibrillation electrode config- 
urations, will be selected by the microcontroller 60 and 
switch bank 74 for delivering ventricular defibrillation 
pulses from the shocking circuit 130 at outputs 131 to 
the heart 12 when ventricular fibrillation is detected. 
Similarly, a second electrode configuration, from among 
the plurality of atrial defibrillation electrode configura- 
tions, will be selected by the microcontroller 60 and 
switch bank 74 for delivering atrial defibrillation pulses 
from the shocking circuit 130 at outputs 133 to the heart 
12 when atrial fibrillation is detected. 
[0052] Because there are many electrode configura- 
tions available for ventricular and atrial fibrillation, ven- 
tricular defibrillation effectiveness will be assured while 
permitting effective atrial fibrillation with a low percep- 
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tion of pain on the part of the patient. 
[0053] FIG. 2, a flow chart describing a method of us- 
ing the novel features of the present invention to advan- 
tage after the ventricular and atrial defibrillation elec- 
trode configurations to be used are selected. In this flow 
chart, and the other flow charts described herein, the 
various algorithmic steps are summarized in individual 
"blocks". Such blocks describe specific actions or deci- 
sions that must be made or carried out as the algorithm 
proceeds. Where a microcontroller (or equivalent) is 
employed, the flow charts presented herein provide the 
basis for a "control program" that may be used by such 
a microcontroller (or equivalent) to effectuate the de- 
sired control of the stimulation device. Those skilled in 
the art may readily write such a control program based 
on the flow charts and other descriptions presented 
herein. 

[0054] The method of FIG. 2 initiates at a decision 
block 140 wherein the arrhythmia detector 62 deter- 
mines if ventricularfibrillation (VF) is present. If ventricu- 
lar fibrillation is not detected by the arrhythmia detector 
62, the method advances to a decision block 1 50 where- 
in the arrhythmia detector 62 determines if atrial fibrilla- 
tion (AF) is present. If the heart 12 is not experiencing 
an episode of atrial fibrillation, the process returns, i.e., 
terminates. However, if the heart 12 is experiencing an 
episode of atrial fibrillation, the implantable stimulation 
device 10 proceeds to provide atrial defibrillation thera- 
py in a manner to be described hereinafter. 
[0055] Returning now to decision block 1 40, if it is de- 
termined in decision block 140 that the heart 12 is ex- 
periencing ventricular fibrillation, the process immedi- 
ately advances to an activity step 142 wherein the se- 
lected ventricular defibrillation electrode configuration is 
selected by the microcontroller 60 and switch bank 74. 
For example, if the selected electrode configuration for 
ventricular defibrillation is the electrode configuration 
wherein the device case 40 is used as a cathode and 
the RV coil electrode 36 is used as an anode, the switch 
bank 74 will couple the shocking circuit output pair 1 31 
to terminals 40 and 56 of the device. Following activity 
block 142, the method immediately advances to activity 
block 144 wherein the output capacitor of the shocking 
circuit 130 is charged to a preprogrammed ventricular 
defibrillation voltage level. 

[0056] After the output capacitor is charged in accord- 
ance with activity block 1 44, the process then advances 
to step 146 wherein the ventricular defibrillation energy 
from the shocking circuit 130 is delivered through the 
switch bank 74 to the selected electrode configuration 
to defibrillate the ventricles. Once the defibrillating en- 
ergy is applied to the ventricles, the method then ad- 
vances to decision block 148 wherein it is determined if 
the ventricular fibrillation has been terminated. If the 
ventricularfibrillation has not been terminated, the proc- 
ess then returns to step 142 to once again initiate the 
ventricular fibrillation therapy. Alternatively, the method 
could return to step 144 if the switch bank 74 holds the 



selected electrode configuration in electrical connection 
with the shocking circuit outputs 131 . 
[0057] If, in decision block 148, it is determined that 
ventricularfibrillation is no longer present and hence has 
5 been terminated, the process returns, i.e., terminates. 
Decision block 1 40 will thereafter be repeated a prepro- 
grammed time later to once again detect for ventricular 
fibrillation. 

[0058] If, it is determined in decision block 140 that 

w ventricular fibrillation is not present, the process ad- 
vances to decision block 150 as previously described. 
If it is determined in decision block 150 that the heart 12 
is experiencing an episode of atrial fibrillation, the meth- 
od advances to activity block 152 wherein the microcon- 

15 troller 60 and switch bank 74 selects and couples the 
selected atrial defibrillation electrode configuration to 
the outputs 1 33 of the shocking circuit 1 30. For example, 
the selected electrode configuration for atrial defibrilla- 
tion may include the CS coil electrode 48 as an anode 

20 and the RA coil electrode 38 as a cathode. Once the 
switch bank 74 has selectively coupled the selected atri- 
al defibrillation electrode configuration to outputs 133 of 
shocking circuit 130, the method advances to step 154 
wherein the output capacitor for atrial defibrillation of the 

25 shocking circuit 1 30 is charged to a preprogrammed atri- 
al defibrillation voltage level. When the capacitor is fully 
charged in accordance with activity block 1 54, the meth- 
od proceeds to step 156 wherein the atrial defibrillation 
energy is applied from outputs 133, through the switch 

30 bank 74, and to the selected electrode configuration. Ac- 
tivity block 1 56 may further include a safety protocol for 
timing cardiac intervals and to ensure reliable R-wave 
detection. Preferably, the atrial defibrillation energy ap- 
plied is synchronized to a first detected R-wave follow- 

35 ing a cardiac cycle having a cycle length greater than a 
minimum interval. This serves to minimize the probabil- 
ity of the atrial defibrillation shock inducing ventricular 
fibrillation. 

[0059] Following activity block 156, the method ad- 

40 vances to decision block 1 58 wherein the arrhythmia de- 
tector 62 determines if ventricularfibrillation is present. 
This step is implemented in the event that the atrial de- 
fibrillation shock induced ventricular fibrillation. If the 
heart 12 is determined in decision block 158 to be ex- 

45 periencing ventricular fibrillation, the method returns to 
step 142 to begin the process of delivering ventricular 
defibrillation therapy. However, if ventricular fibrillation 
is found to not be present in accordance with decision 
block 158, the method advances to step 160 wherein 

so the arrhythmia detector 62 determines if the heart 1 2 is 
still experiencing an episode of atrial fibrillation. If atrial 
fibrillation is still present, the method then returns to step 
152 to begin the process of delivering atrial defibrillation 
therapy. However, if in decision block 160 it is deter- 

55 mined that the heart is no longer experiencing an epi- 
sode of atrial fibrillation , and thus indicating that the atri- 
al fibrillation has been terminated, the method then re- 
turns, i.e., terminates. 
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[0060] Alternatively, if in decision block 160, it is de- 
termined that atrial fibrillation is still present, the process 
could return to activity block 154. This would be advan- 
tageous if the selected atrial defibrillation electrode con- 
figuration is held in connection with the atrial defibrilla- 
tion outputs until the atrial fibrillation is terminated. 
[0061 ] As can be seen from the foregoing, the present 
invention provides an implantable cardiac stimulation 
system, device, and method wherein a plurality of elec- 
trode configurations are provided for both ventricular de- 
fibrillation and atrial defibrillation. At least one electrode 
configuration for ventricular defibrillation includes the 
device case to ensure effective ventricular fibrillation 
therapy. However, each of the electrode configurations 
of the atrial defibrillation electrode configurations is 
electrically isolated from the case and hence confined 
within the heart. This allows the selection of the best 
atrial defibrillation electrode configuration which exhibits 
the lowest atrial defibrillation threshold and/or which 
minimizes perception of discomfort to the patient from 
the atrial defibrillation shocks. Hence, the present inven- 
tion affords effective ventricular defibrillation therapy 
while also providing effective atrial defibrillation therapy 
with minimized discomfort to the patient. 
[0062] While the invention has been described by 
means of specific embodiments and applications there- 
of, it is understood that numerous modifications and var- 
iations could be made thereto by those skilled in the art 
without departing from the scope of the invention. It is 
therefore to be understood that within the scope of the 
claims, the invention may be practiced otherwise than 
as specifically described herein. 



Claims 

1. An implantable cardiac stimulation system for se- 
lectively delivering arrhythmia termination pulses to 
the ventricles and the atria of a patient's heart, the 
system comprising: 

an implantable cardiac stimulation device, en- 
capsulated in a conductive enclosure, having a 
ventricular pulse generator that provides ven- 
tricular arrhythmia termination pulses, and an 
atrial pulse generator that provides atrial ar- 
rhythmia termination pulses; 
a first electrode configuration, including the 
conductive enclosure, arranged to be coupled 
to the ventricular pulse generator, for applying 
the ventricular arrhythmia termination pulses to 
the heart; and 

a second electrode configuration, electrically 
independent from the conductive enclosure, ar- 
ranged to be coupled to the atrial pulse gener- 
ator, for applying the atrial arrhythmia termina- 
tion pulses to the heart. 



2. The system of claim 1 wherein the second electrode 
configuration is one of a plurality of electrode con- 
figurations, and wherein the device further includes 
an electrode configuration selector that selects the 

5 second electrode configuration from among the plu- 
rality of electrode configurations. 

3. The system of claim 2 wherein the selector selects 
the second electrode configuration from among the 

10 plurality of electrode configurations based upon an 
arrhythmia terminating characteristic, and prefera- 
bly wherein the arrhythmia terminating characteris- 
tic is an arrhythmia termination threshold. 

15 4. An implantable cardiac stimulation system for se- 
lectively delivering arrhythmia terminating pulses to 
the ventricles and the atria of a patient's heart, the 
system comprising: 

20 an implantable cardiac stimulation device, en- 

capsulated in a conductive enclosure, having a 
ventricular pulse generator that provides ven- 
tricular arrhythmia terminating pulses, and an 
atrial pulse generator that provides atrial ar- 

25 rhythmia terminating pulses; 

a lead system including a plurality of electrodes 
defining a first plurality of electrode configura- 
tions and a second plurality of electrode config- 
uration, at least one of the first plurality of elec- 

30 trode configurations including the conductive 

enclosure, and each of the second plurality of 
electrode configurations being electrically iso- 
lated from the conductive enclosure; and 
wherein 

35 the implantable cardiac device further includes 

an electrode configuration selector that couples 
a selected one of the first plurality of electrode 
configurations to the ventricular pulse genera- 
tor and couples a selected one of the second 

40 plurality of electrode configurations to the atrial 

pulse generator. 

5. The system of claim 4 wherein: 

45 each one of the first plurality of electrode con- 

figurations has a common arrhythmia terminat- 
ing characteristic; and wherein 
the selector couples the selected one of the first 
plurality of electrode configurations to the ven- 

50 tricular pulse generator based upon the com- 

mon arrhythmia terminating characteristic, and 
preferably wherein the common arrhythmia ter- 
minating characteristic is an arrhythmia termi- 
nation threshold. 

55 

6. The system of claim 4 wherein each one of the sec- 
ond plurality of electrode configurations has a com- 
mon arrhythmia terminating characteristic, and 
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wherein the selector couples the selected one of the 
second plurality of electrode configurations to the 
atrial pulse generator based upon the common ar- 
rhythmia terminating characteristic and preferably 
wherein the common arrhythmia terminating char- 5 
acteristic is an arrhythmia termination threshold. 

7. The system of claim 1 or claim 4 wherein the atrial 
arrhythmia termination pulses are rounded to mini- 
mize pain to the patient. 

8. A method of selectively terminating an arrhythmia 
of the ventricle and atria of a patient's heart using 
an implantable cardiac stimulation device having a 
conductive housing and an arrhythmia terminating 
pulse generator, the method including the steps of: 

detecting a ventricular arrhythmia of the heart; 
coupling a first electrode configuration to the 
pulse generator when a ventricular arrhythmia 
is detected, the first electrode configuration in- 
cluding the conductive housing; 
triggering the pulse generator to provide a ven- 
tricular arrhythmia terminating pulse to the first 
electrode configuration; 
detecting an atrial arrhythmia of the heart; 
triggering the pulse generator to a second elec- 
trode configuration when an atrial arrhythmia is 
detected, the second electrode configuration 
being electrically independent from the conduc- 
tive housing; and 

causing the pulse generator to provide an atrial 
arrhythmia terminating pulse to the second 
electrode configuration. 

9. A method of selectively terminating an arrhythmia 
of the ventricle and atria of a patient's heart using 
an implantable cardiac stimulation device having a 
conductive housing and an arrhythmia terminating 
pulse generator, the method including the steps of: 

detecting a ventricular arrhythmia of the heart; 
coupling a first electrode configuration of a first 
plurality of electrode configurations to the pulse 
generator when a ventricular arrhythmia is de- 
tected, the first plurality of electrode configura- 
tions having at least one electrode configura- 
tion including the conductive enclosure; 
triggering the pulse generator to provide a ven- 
tricular arrhythmia terminating pulse to the first 
electrode configuration; 
detecting an atrial arrhythmia of the heart; 
coupling a second electrode configuration of a 
second plurality of electrode configurations to 
the pulse generator when an atrial arrhythmia 
is detected, each electrode configuration of the 
second plurality of electrode configurations be- 
ing electrically independent from the conduc- 



tive enclosure; and triggering the pulse gener- 
ator to provide an atrial arrhythmia terminating 
pulse to the second electrode configuration. 

1 0. A dual-chamber implantable cardiac stimulation de- 
vice for use with atrial and ventricular shocking 
leads which deliver arrhythmia termination pulses 
to a the atria and ventricles, respectively, of a pa- 
tient's heart, the device comprising: 

a conductive enclosure; 
a pulse generator that provides atrial and ven- 
tricular arrhythmia termination pulses; 
a detector for detecting atrial and ventricular ar- 
rhythmias; 

a first pair of terminals, selectively coupled to 
the pulse generator and adapted for electrical 
connection to the ventricular lead and the con- 
ductive enclosure, that directs the arrhythmia 
termination pulses to the ventricles; 
a second pair of terminals, selectively coupled 
to the pulse generator and adapted for electri- 
cal connection to the atrial lead and electrically 
isolated from the conductive enclosure, that di- 
rects the arrhythmia termination pulses to the 
atria; and 

an electrode configuration selector that couples 
a selected one of the first pair of terminals to 
the pulse generator in response to the detection 
of a ventricular arrhythmia and couples the sec- 
ond pair of terminals to the pulse generator in 
response to the detection of an atrial arrhyth- 
mia. 

11. A dual-chamber cardiac stimulation device for use 
with a lead system providing a first plurality of elec- 
trode configurations to deliver arrhythmia termina- 
tion pulses to the ventricles of a patient's heart and 
a second plurality of electrode configurations to de- 
liver arrhythm ia termination pu Ises to the atria of the 
patient's heart, the device comprising: 

a conductive enclosure; 
a pulse generator that provides atrial and ven- 
tricular arrhythmia termination pulses; 
a detector that detects atrial and ventricular ar- 
rhythmias; 

a first plurality of terminals, wherein a first pair 
of the first plurality of terminals are selectively 
coupled to the pulse generator and adapted for 
electrical connection to any one of the first plu- 
rality of electrode configurations to direct the ar- 
rhythmia termination pulses to the ventricles, at 
least one terminal of the first plurality of termi- 
nals being coupled to the conductive enclosure; 
a second plurality of terminals, wherein a sec- 
ond pair of the second plurality of terminals are 
selectively coupled to the pulse generator and 
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adapted for electrical connection to any one of 
the second plurality of electrode configurations 
to direct the arrhythmia termination pulses to 
the atria, each one of the second plurality of ter- 
minals being electrically isolated from the con- 5 
ductive enclosure; and 

an electrode configuration selectorthat couples 
the first pair of terminals to the pulse generator 
in response to the detection of a ventricular ar- 
rhythmia and couples the second pair of termi- 10 
nals to the pulse generator in response to the 
detection of an atrial arrhythmia. 

12. The device of claim 11 wherein the selector couples 

the second pair of terminals, from among the sec- '5 
ond plurality of terminals, based upon an arrhythmia 
terminating characteristic, and preferably wherein 
the arrhythmia terminating characteristic is an ar- 
rhythmia terminating threshold. 

20 

13. The system of claim 3 or the device of claim 12 in 
which the arrhythmia termination characteristic is 
one of a defibrillation threshold or a perceived ar- 
rhythmia termination discomfort of a patient. 

25 

1 4. A method of selectively applying atrial and ventricu- 
lar arrhythmia terminating pulses to a patient's heart 
with a single implantable cardiac stimulation device, 
the method minimizing atrial arrhythmia termination 
discomfort to the patient while maintaining ventricu- 30 
lar arrhythmia termination effectiveness and includ- 
ing the steps of: 

detecting an atrial arrhythmia of the heart; 
applying an atrial arrhythmia terminating pulse 35 
between a pair of atrial arrhythmia terminating 
electrodes when an atrial arrhythmia is detect- 
ed, the atrial arrhythmia terminating electrodes 
being within the heart to minimize atrial arrhyth- 
mia termination discomfort of the patient; *o 
detecting a ventricular arrhythmia of the heart; 
and 

applying a ventricular arrhythmia terminating 
pulse between a pair of ventricular arrhythmia 
terminating electrodes when a ventricular ar- ^ 
rhythmia is detected, the ventricular arrhythmia 
terminating electrodes including an electrode 
external to the heart to maintain ventricular ar- 
rhythmia termination effectiveness. 

50 

15. A method of terminating an arrhythmia of the ven- 
tricles and atria of a patient's heart with a single im- 
plantable cardiac stimulation device, the method 
minimizing atrial arrhythmia termination discomfort 

of the patient while maintaining ventricular arrhyth- 55 
mia termination effectiveness and including the 
steps of: 



detecting a ventricular arrhythmia of the heart; 
coupling a ventricular arrhythmia termination 
electrode configuration to the device when a 
ventricular arrhythmia is detected, wherein the 
ventricular arrhythmia termination electrode 
configuration has at least one electrode exter- 
nal to the heart; 

triggering the device to provide a ventricular ar- 
rhythmia terminating pulse to the ventricular ar- 
rhythmia terminating electrode configuration; 
selecting one atrial arrhythmia terminating 
electrode configuration from among a plurality 
of atrial arrhythmia terminating electrode con- 
figurations based upon an atrial arrhythmia ter- 
minating characteristic common to each atrial 
arrhythmia terminating electrode configuration, 
wherein each atrial arrhythmia terminating 
electrode configuration of the plurality of atrial 
arrhythmia terminating electrode configura- 
tions is confined to within the heart to minimize 
atrial arrhythmia termination discomfort of the 
patient; 

detecting an atrial arrhythmia of the heart; 
coupling the selected atrial arrhythmia termi- 
nating electrode configuration to the device 
when an atrial arrhythmia is detected; and 
triggering the pulse generatorto provide an atri- 
al arrhythmia terminating pulse to the selected 
atrial arrhythmia terminating electrode configu- 
ration. 

16. Use of an implantable cardiac system or device as 
claimed in any of claims 1 to 7 or 10 to 13 to carry 
out a method as claimed in any one of claims 8,9,14 
or 15. 
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